The J wave is a deflection immediately following the QRS complex of the surface ECG. The J wave has been observed in humans under physiological and pathophysiological conditions. We describe in this paper the ratio of incidence of this phenomenon in healthy dogs and dogs with pathological disease and the effect of exercise on its size and shape. At rest, a J wave was observed at the R-ST junction of the ECG in 11 of 34 adult dogs, usually in leads I, II, III, aVR, and aVF and left lateral precordial leads. After a submaximal exercise test there were no variations in the shape or the size of the J wave. The J wave or Osborn wave is an electrocardiographic (ECG) finding at the R-ST junction (J point) that has a characteristic protuberant morphology ( Figure 1A ). This finding can often be confused with a small secondary R wave (R'). Although the J wave was first described in 1920 in a patient with hypercalcaemia, Osborn (1953) studied the effect of hypothermia on the respiratory and cardiac function in dogs and defined the appearance of the J wave.
The J wave or Osborn wave is an electrocardiographic (ECG) finding at the R-ST junction (J point) that has a characteristic protuberant morphology ( Figure 1A ). This finding can often be confused with a small secondary R wave (R'). Although the J wave was first described in 1920 in a patient with hypercalcaemia, Osborn (1953) studied the effect of hypothermia on the respiratory and cardiac function in dogs and defined the appearance of the J wave.
The J wave has been observed under physiological conditions in the ECG of humans and some other species, such as baboons and dogs (Osborn 1953; Detweiler 2010 ). This wave can be partially or completely buried in the QRS complex and can be seen as a normal variant in 2-5% of the human population ( Figure 1B ). On the other hand, the presence of J waves can represent a "current of injury" and seem to be indicative of severe ischaemia (Yan and Antzelevitch 1996) . Several other conditions have been described to occur together with the presence of J waves, such as hypothermia, hypercalcaemia, brain injury, subarachnoid haemorrhage, Chagas disease, sepsis, vasospastic angina, Brugada syndrome, acute myocardial ischaemia, Prinzmetal angina, hypertrophy of the left ventricle, cocaine or haloperidol overdosing and idiopathic ventricular fibrillation associated with J waves in inferior leads (Rituparna et al. 2007 ). Typically, the J waves should have an amplitude and duration of at least 1 mm and 10 milliseconds, respectively, in at least two consecutive beats (Hlaing et al. 2005) . In humans they occur frequently in leads II, III, and aVF and the precordial leads: V 5 -V 6 (Shinde et al. 2007; Borggrefe and Schimpf 2010) . There is a lack of information about the incidence and morphological characteristics of J waves in other species. The spike-and-dome morphology of the epicardial action potential is absent in canine neonates, gradually appearing over the first few months of life (Yan and Antzelevitch 1996) .
The exact genesis of the expression of the J wave is not well understood. It may indicate the presence of a transient electrical heterogeneity (difference in action potentials) between ventricular endocardium and epicardium during early repolarisation (Hlaing et al. 2005; Rituparna et al. 2007; Shinde et al. 2007 ). The mechanism can be explained by doi: 10.17221/8109-VETMED a prominent transient outward current (I to ) in the ventricular epicardium that produces a transmural voltage gradient during the early ventricular repolarisation which can be accountable for the presence of the J wave (Yan and Antzelevitch 1996; Hlaing et al. 2005; Rituparna et al. 2007; Shinde et al. 2007 ). Moreover, it is possible to distinguish a J wave coincident with the epicardial action potential notch in the ECG when the electrical activation originates in the endocardium and spreads to the epicardium. In contrast, if activation starts from the epicardium and travels to the endocardium, the J wave disappears from the ECG because it is buried within the QRS complex (Rituparna et al. 2007 ). However, a spike-and-dome morphology of the action potential is clearly present in cells other than epicardial cells (Yan and Antzelevitch 1996) . Cells displaying a prominent notched configuration have been described in the deep layers of the endocardial structures of the ventricles of the heart, as well as in cells residing in the deep structures of the free wall, particularly in the M region. Cells in the M region could contribute to the J wave with an endocardial-to-epicardial transmural activation sequence (Yan and Antzelevitch 1996) .
In pathological circumstances the presence of J waves can be explained by several mechanisms. The presence of a prominent I to in the epicardium has been shown to sensitise tissue to the effects of high calcium whereas hypothermia accentuates the voltage gradient across ventricular myocardium (Rituparna et al. 2007 ). Intracranial pathology can induce differences in electrophysiological responsiveness of the epicardium and endocardium to acetylcholine and isoproterenol (Hlaing et al. 2005) . J waves in coronary artery disease are likely to be transient and may indicate a current of injury in imminent myocardial infarctions (useful in localising the infarct-related arterial territory) or in myocardial revascularisation (Rituparna et al. 2007) .
Interestingly, in a normal ventricular activation sequence from endocardium to epicardium, an acceleration of heart rate reduces I to due to its slow recovery from inactivation, resulting in a decrease in the J wave size (Hlaing et al. 2005) . The aim of this study was to evaluate the overall presence of J waves in a randomised geriatric population of normal dogs and dogs with heart disease and to evaluate the effects of exercise on its size and shape.
MATERIAL AND METHODS
The ECGs of 34 dogs were evaluated. Patients were chosen from the canine patient population, who visited the Small Animal Clinic at the University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic. Dogs were taken from the geriatric age group because of the higher rate of degenerative mitral valve disease (DMVD). DMVD dogs were In addition, dogs were already on medication for the DMVD and belonged to a functional classification Ib-II according to the International Small Animal Cardiac Health Council (ISACHC) (Fox et al. 1999 ) and therapeutic classification B2-C2 (American College of Veterinary Internal Medicine -ACVIM) (Atkins et al. 2009 ). In the control group the average age was 9.7 years. There were three males and seven females including four mongrels, two King Charles Cavalier Spaniels, two French Poodles, one Dachshund and one Czech Terrier. The average weight was 9.3 kg. In the DMVD group the average age was 11.9 years, 13 were male and 11 females, which included seven Dachshunds, six French Poodles, five mongrels, two German Spitz, two Japanese Chins, one Czech Terrier and one Pekinese. Their average weight was 8 kg. ECG exercise test. Owners were allowed to be with the dogs to minimise the effects of the stress. Standard 10-lead ECG (EKG Praktik Veterinary ® , SEIVA, Czech Republic) in standing position was recorded as reported in the literature (Hanton and Rabemampianina 2006) . No electronic filters were used during ECG signal acquisition. The ECGs were recorded at 50 mm/s calibrated to display voltage signals at 1 cm/mV. Dogs underwent a graded submaximal test over the course of 3 min. Dogs were put on a treadmill (Treadmill 188N, Formerfit ® , Czech Republic) and the ECG machine was attached. Dogs were not pre-trained to walk on the treadmill and were not familiar with the equipment. The graded exercise was a modified protocol based on reports from the literature for veterinary patients and was categorised as a submaximal test (Table 1) .
The presence and changes of J waves was evaluated at rest and during every stage of exercise. J waves were measured semi-automatically by manually locating callipers on the J wave and the provided ECG software calculated the value in a table. Differences between groups were evaluated using the MannWhitney test and during the test in each group with the Wilcoxon test. A P-value less than 0.05 denoted the presence of a statistically significant difference. Results are indicated as mean ± standard deviation. The present study was approved by the Bioethical Committee of the University of Veterinary and Pharmaceutical Sciences, Brno.
RESULTS
The presence of J waves at rest was detected in four control dogs (40%) and in seven DMVD dogs (29.1%) (Figure 2 ). J wave amplitude and duration in control dogs was 0.185 ± 0.017 mV and 28 ± 2.4 ms, respectively, and in DMVD dogs the values were 0.20 ± 0.009 mV and 26 ± 3.31 ms, respectively (Table 2) . J waves were present in the control group in leads I, II, aVL, aVR, aVF and CV 6 LL. In DMVD dogs the waves were present in leads I, II, aVF, CV 6 LL and CV 6 LU. No statistical differences were found between groups and the J wave did not change significantly in any of the groups during exercise.
DISCUSSION
In this study, the J wave or Osborne wave was studied in a randomised population of geriatric dogs with and without heart disease. The J wave was found in all leads except for III, CV 5 RL and V 10 . Interestingly, the presence of waves was more prominent in the limb leads (mainly in lead aVL) than in precordial leads underlying the importance of evaluating all standard leads in a surface ECG. In dogs and humans the manifestation of the J wave in ECG leads (II, III, aVR, aVF, and mid to left precordial leads V 3 through V 6 ) in which the mean vector axis is transmurally oriented across the left ventricle and septum is most prominent (Yan and Antzelevitch 1996) . In spite of its larger notch, the right ventricular epicardium might be expected to make only a minor contribution to the J wave under normal conditions, because of a thinner ventricular wall and a briefer activation time (Yan and Antzelevitch 1996) . None of the patients in this study exhibited signs of hypothermia, hypercalcaemia, or other conditions leading to the presence of pathological J waves. Thus, the presence of J waves may constitute a normal finding in approximately one third of the population of geriatric dogs. Exercise-induced changes in J waves were not observed in any of the groups (Figure 3) . The behaviour of the J wave in this study seems to be conservative. It was present at the beginning of exercise in 11 dogs and did not change its amplitude or duration significantly. It is possible that the load of exercise did not produce "currents of injury" that are indicative of severe ischaemia. As we also did not observe changes in DMVD dogs, physical exertion might be recommended in dogs with DMVD in categories B2-C2. Also, there is a low possibility that exercise in this group of dogs might protect from arrhythmias since J waves are generally associated with re-entrant arrhythmias (Rituparna et al. 2007; Jastrzebski 2009 ).
CONCLUSIONS
Since none of the patients in this study exhibited signs of hypothermia, hypercalcaemia, or any other physical and internal changes, it can be concluded that J waves constitute a normal finding in approximately 30-40% of geriatric subjects. Submaximal testing in dogs with DMVD is feasible and safe. Exertion did not alter the duration, amplitude or shape of the J waves; thus, it is possible that under a 
